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DISTANCE-MEASURING DEVICE WHICH
DETECTS WHICH DETECTS AND CORRECTS
PROJECTION ERRORS OF
DISTANCE-MEASURING LIGHT BEAMS

This application is a continuation of application Ser.
No. 07/988,833, filed Dec. 10, 1992, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a distance-measuring device,
and more particularly to a distance-measuring device
for use in the automatic focusing (AF) device of an
active camera or video.

2. Description of the Related Art

There are two types of camera automatic focusing
techniques: a passive system that makes use of lumi-
nance distribution information on the subject and an
active system that projects a signal of infrared rays or
the Iike onto the subject, and based on its reflected
signal, determines the distance to the subject. Of them,
the active system is more widely used for low-priced
compact cameras because of its simple configuration.

FIG. 1 shows the construction of an infrared projec-
tion trigonometrical measurement system that projects
infrared rays, senses the incident position of the re-
flected signal light, and determines the subject distance.
In the figure, numeral 2 indicates an infrared light-emit-
ting diode (IRED) acting as a light-projecting element,
whose rays of light are gathered via a projection lens 4
onto the subject 6. The reflected signal light from the
subject 6 is accepted by a reception lens 8, which directs
it to a light-position sensing element (PSD) 10. The
PSD 10 is an element that, if the position at which the
light has arrived is x, produces two current signals I
and I at each end according to the incident position.

Here, if the distance between the optical axis of the

reflection lens 8 above the PSD 10 and one edge of the
PSD 10 is a, equation (1) will hold:

I =E—_{-x—1p (1)

where t is the length of the PSD 10, and I, is the total
signal optical current that is expressed as:

Iy=h+D (2)

If the distance between the optical axis of the projec-
tion lens and that of the reception lens is the base length
S, and the distance between the reception lens 8 and the
PSD 10 is f, the subject distance Z is expressed by equa-
tion (3):

= 2L

X

)

Thus, from equations (1) and (2), the following equa-
tions will hold:

(4)

&)

S

10

15

20

2

In this way, the subject distance 1 is obtained.

The AFIC 12 calculates the output signal currents I
and I of the PSD 10 in the form of equation (4) at the
same time that it actuates the driver 14 to causes the
IRED 2 to emit light.

From equations (5) and (3), the following equation is
obtained: |

f1 ©)

— S A5 &
T+ 5 = {x -+ a)/t = p ( 7+ a

AFDATA is defined as expression (7):

.
I (7)

n+ I

A
arpazs =+ (54 )

From expression (7), the relationship between the
reciprocal 1/1 of the distance shown in FIG. 2 and
AFDATA is determined.

Further, the CPU 16 computes 1/1 based on equation

" (6), and controls the focusing lens. Specifically, 1/1 is

25

30

35

435

50

335

60

65

calculated from the following equation:
(8)

I/[....{r(__l_l__)_ a }.....L.

o It + B S-f

In the aforesaid infrared projection trigonometrical
measurement system, what is called a spot light devia-
tion takes place. Specifically, when all of the projected
signal light (the spot light 6a2) is on the subject 6 as
shown in FIG. 3A, the reflected signal light 35 cor-
rectly hits the PSD 10 as shown by the shaded portion
in FIG. 3B. When the projected signal light (the spot
light 6a ) is not completely on the subject and only half
of the reflected signal light 65’ comes back, however,
the position of the light point on the PSD 10 is shifted
by Ax.

Since this system uses equation (3) as a basic equation,
the deviation of Ax is converted to the distance Al ex-
pressed by equation (9), leading to erroneous distance
measuring;:

)
1 1

+)

M=S*f(—x¢'“z? x

'To remove this problem, for example, in Published
Unexamined Japanese Patent Application No. 1-222235,
two reception lenses 8a and 80 are placed symmetrically
with the projection lens 4 as shown in FIG. 4. Specifi-
cally, with the system of the Published Unexamined
Japanese Patent Application No. 1-222235, the devia-
tion Ax on one PSD 10¢ has the opposite effect to that
of Ax on the other PSD 105. Therefore, taking an arith-
metic means of the outputs of two PSDs 10a and 10)
prevents erroneous distance measuring, thereby en-
abling the distance to be measured correctly.

This system, however, requires two reception lenses,
resulting in a larger camera layout. Because the distance
from one PSD to the AFIC becomes larger, the line is
hable to be affected by noises. For this reason, the sys-
tem 1s disadvantageous in terms of signal-to-noise (S/N)
ratio.
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SUMMARY OF THE INVENTION

Accordingly, the object of the present invention is to
provide a distance-measuring device with a simplified
configuration that minimizes the effect of spot light
deviation and assures a higher performance without
making the camera layout larger or degrading the S/N
ratio.

The foregoing object is accomplished by providing a
distance-measuring device comprising: light-projecting
means for projecting light onto the subject, the projec-

10

tion pattern of the light-projecting means having the

central area along the base length, and two protruding
areas perpendicular and asymmetrical to the base
length; light-receiving means for receiving the reflected
portion of the projected light from the subject, which
contains a first light-receiving section that receives the
reflected light associated with the light projected from
the central area and produces a first photoelectric con-
version signal, a second light-receiving section that
receives the reflected light associated with the light
projected from one of the two protruding areas and
produces a second photoelectric conversion signal, and
a third light-receiving section that receives the reflected
light associated with the light projected from the other
of the two protruding areas and produces a third photo-
electric conversion signal; computing means for calcu-

lating the distance to the subject based on the first pho-
toelectric conversion signal; and comparator means for

comparing the second and third photoelectric conver-
sion signals and supplying the comparison result, from

which it is judged that the light-projecting means has

thrown light uniformly onto the subject when those
two signals are almost equal, while part of the projected
light is missing when one of them is larger than the
other. |

The foregoing object is also accomplished by provid-
ing a distance-measuring device of a camera compris-
ing: light-projecting means for projecting light onto the
subject, which contains a first light-projecting section
that projects a first projection pattern asymmetrical
with the base length along the optical axis of the taking
lens, and a second light-projecting section that projects
a second projection pattern of a symmetrical shape in
opposite directions flanking the optical axis of the tak-
ing lens; a plurality of light-receiving means for receiv-
ing the reflected portion of the projected light from the
subject, which contains a first light-receiving section
that receives the reflected light associated with the
portions other than the asymmetrical portions of the
first projection pattern and produces a first photoelec-
tric conversion signal, and a second light-receiving
section that receives the reflected light associated with
both the asymmetrical portions of the first projection
pattern and the second projection pattern and produces
a second photoelectric conversion signal; computing
means for calculating the distance to the subject based

on the first photoelectric conversion signal during the

projection of the first projection pattern and the second
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photoelectric conversion signal during the projection of 60

the second projection pattern; and judging means for

determining whether or not all of the first projection

pattern from the light-projecting means is projected

onto the subject on the basis of the second photoelectric
conversion signal during the projection of the first pro-
jection pattern.

The foregoing object is still accomplished by provid-
ing a distance-measuring device measuring the distance

63

4

to the object comprising: light-projecting means for
projecting light onto the object, the projection pattern
of the light-projecting means having an asymmetrical
portion with respect to the base length; light-receiving
means for receiving the reflected light from the object
of the asymmetrical portion of the projected light, and
produces a first photoelectric conversion signal; and
judging means for determining whether or not all of the
projection pattern from the light-projecting means 1s on
the object on the basis of the first photoelectric conver-
sion signal. |

The foregoing object is achieved by providing an
active distance-measuring device comprising light-
projecting means for projecting a light beam onto the
object, light-receiving means located a predetermined
base length away from the light-projecting means for
receiving the reflected light from the object of the light
beam, and computing means for obtaining the value
corresponding to the distance to the object based on the
output of the light-receiving means, the active distance-
measuring device characterized in that: (a) the projec-
tion pattern of the light-projecting means has two pro-
truding areas that extend at both ends of the base length
in opposite directions at right angles with the base
length; (b) the light-receiving means is composed of a
main light-receiving element that receives the reflected
light associated with the areas other than the protruding
areas of the projection pattern and produces an optical
current according to the light-receiving position, and
two sub-light-receiving elements that receive the re-
flected light associated with the two protruding areas of
the projection pattern and produces an optical current
corresponding to the amount of light received; and (c)
the computing means obtains a value corresponding to
the distance to the object based on the output of the
main light-receiving element and judges from the out-
put of the two sub-light-receiving elements whether or
not a spot light deviation has occurred, and, when the
judgment shows the presence of a spot light deviation,
corrects the value corresponding to the distance to the
object.

The foregoing object is still achieved by providing an
active distance-measuring device comprising: light-
projecting means for projecting distance-measuring
light onto the subject, the projection pattern of the
light-projecting means being asymmetrical with the
base length; light-receiving means located a predeter-
mined distance away along the base length for receiving
the reflected light from the subject of the distance-
measuring light, which is composed of a main light-
receiving element that produces an optical current cor-
responding to the position in which the light has been
received, and two sub-light-receiving elements located
on both sides of the main light-receiving element for
producing optical currents corresponding to the
amount of light received; and computing means for
producing a signal corresponding to the distance to the
subject based on the outputs of the main light-receiving
element and two sub-light-receiving elements.

The foregoing object is still further achieved by pro-
viding a distance-measuring device projecting distance-
measuring light onto a plurality of points on the image
screen t0 measure the distance to each point, compris-
ing: judging means for judging whether or not all of the
projection pattern of the distance-measuring light pro-
jected at least onto the central portion of the screen is
on the subject, wherein the distance-measuring device
discards the distance measurement result of the light-
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projecting pattern when the judgment result shows that
all of the projection pattern is not on the subject.
Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and ob-
tained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention
and, together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1 1s a diagram showing the construction of a
conventional infrared projection trigonometrical mea-
surement system;

FIG. 2 1s a characteristic diagram showing the rela-
tionship between the reciprocal 1/1 of the distance and
AFDATA when a conventional light-receiving ele-
ment is used;

FI1GS. 3A through 3D are diagrams showing states in
which spot light deviation takes place when a conven-
tional light-receiving element is used:

FI1G. 4 shows an example of a conventional distance-
measuring device with provision against spot light devi-
ation;

F1G. 5 is a conceptual diagram of the light projecting
and receiving circuit portions of a distance-measuring
device according a first embodiment of the present
invention;

FIGS. 6A through 6C are diagrams for explaining
spot light deviation when the FIG. 5 light-receiving
element is used;

FIGS. 7A and 7B are diagrams for explaining spot
light deviation when the FIG. 5 light-receiving element
is simplified into a single PSD;

F1GS. 8A through 8C are diagrams for explaining a

method of sensing the amount of spot light deviation of

the light-receiving element used in the distance-measur-
ing device of the present invention:;

FIGS. 9A and 9B are diagrams showing the construc-
tion of a light-projecting and a light-receiving element
according to a second embodiment of the present inven-
tion;

FIGS. 10A and 10B illustrate general composition of
photographs where the subject or subjects are on the
screen of the light projecting and receiving elements of
FIGS. 9A and 9B:

FI1G. 11 1s a block diagram showing the construction
of a distance-measuring device using the light project-
ing and receiving elements of FIGS. 9A and 9B;

FI1G. 12 is a flowchart for explaining the operation of

the FIG. 11 distance-measuring device;

FIGS. 13A and 13B are conceptual diagrams of the
light projecting and receiving circuit portions of a dis-
tance-measuring device according a third embodiment
of the present invention;

FIGS. 14 illustrates general composition of a photo-
graph where the subjects are on the screen of the light
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the accompanying drawings, embodi-
ments of the present invention will be explained herein-
after.

FIG. 5 is a conceptual diagram of the light projecting
and receiving circuit portions of a distance-measuring
device according a first embodiment of the present
invention. In the figure, a light-receiving element 22 is
divided along the base length into three portions. In the
middle portion is placed a PSD 18 with a position sens-
ing function, and on both sides (above and below the
middle portion in the figure) are located silicon photodi-
odes (SPDs) 201 and 205 that sense the intensity of inci-
dent light. These SPDs 20y and 20, are connected to
resistances 24 and 26 that convert their current outputs
into voltage form, as well as to a comparator 28 acting
as a comparing means for comparing the outputs Vzand
V. of the SPDs 20, and 20-.

The output of the PSD 18 is supplied to an AFIC 12.
The AFIC 12 actuates a driver 14 to cause an IRED 2
serving as a light-projecting element to emit light. A
CPU 16 computes the distance based on each output
from the AFIC 6 and comparator 14, and determines
the reliability of the computations made. A alarming
section 30, at the direction of the CPU 16, alerts the
operator to spot light deviation by means of, for exam-
ple, audible or visual alarm, when spot light deviation
takes place, which will be explained later.

It 1s assumed that the distance-measuring light spot
emitted by the IRED 2 is a spot 32 shaped as shown on
the light-receiving element 22. Specifically, unlike the
conventional round spot shown in FIGS. 3A and 3C,
the spot 32 has a pattern with protrusions 321 and 32; on
both sides, one projecting upward and the other down-
ward. The protrusions 32; and 32; of the spot 32 are
designed to allow the reflected distance-measuring light
to strike, at the same amount of light, the SPD 20 and
SPD 20; serving as light amount sensors, when the
reflected light has come back to the light-receiving
element 22 without any spot deviation.

Therefore, in a state where there is no spot light
deviation as shown in FIG. 6A, the voltage signals V)
and V.supplied to the comparator 28 become equal. In
a state where spot light deviations occur as shown in
FIGS. 6B and 6C, however, the light signals from the
upward and downward projections 321 and 32; do not
come back to the light-receiving element 22, respec-
tively. This makes Vj unequal to V. in FIG. 6B,
V< Vholds, and in FIG. 6B, V> V. holds. The com-
parison judgment of those voltage signals vp and v, is
made at the comparator 28. The comparator 28 is as-
sumed, therefore, to have a function that judges three
states: Vp=V,, Vp <V, and Vp> V..

Receiving the output of the comparator 28, the CPU
16 judges whether or not the result obtained by the
AFIC 12 from equation (4), I;/(I11+17), is reliable for
distance measuring.

Specifically, the CPU 16, when the comparator 28
produces the result of V=V, calculates 1/1 according
to equation (8). Further, when the output of vp<<v, is
supplied as shown in FIG. 6B, the FIG. 5 light project-
ing and receiving arrangement would provide a dis-

projecting and receiving elements of FIGS. 13A and 65 tance longer than the actual value of 1/1 were computed

13B; and

FIG. 15 1s a flowchart for explaining the operation of

the FIG. 13 distance-measuring device.

from equation (8) without any correction. For this rea-
son, correction is made on the shorter distance side.

Conversely, in the case of V>V, as shown in FIG. 6C,
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because a distance shorter than the actual value is ob-
tained as a result of computing equation (8), correction
should be made on the longer distance side.

Although a constant amount of correction, such as
one-fourth the spot size b, has a good effect, improving
the resolution of the comparator 28 allows more accu-
rate calculation of the amount of spot light deviation.
Thus, causing the CPU 16 to perform correction based
on the more accurate amount provides a much greater
effect. |

Here, explanation will be given as to how the CPU 16
carries out correction calculation when the amount of
spot light deviation Ab is sensed. The light-receiving
element is assumed to be a single PSD 18 for simplifica-

tion as shown in FIGS. 7A and 7B. FIG. 7A illustrates
a state where no spot light deviation takes place, and

FIG. 7B shows a state where a spot light deviation of

Ab occurs.

- By computing 1 from the position x of the center of
gravity of the spot 34 in FIG. 7A state, using equation
(3), 1=(S5-)/x, the proper focusing distance can be
obtained. In a state as shown in FIG. 7B, however,
when 1 is obtained from the center x’' of gravity of the
spot 34’ subjected to a spot light deviation, using equa-
tion (10), an erroneous distance measurement will re-
sult:

S-f (10)

[ = o

In this case, if 1b is known, the following equation
holds:

(11)

Thus, from equation (12), the correct distance can be
computed:

joS-f (12)

)

By rearranging in terms of the reciprocal of the dis-
tance, the following equation is given:

(13)
x' 2
= S -+

1
I

Thus, after the CPU 16 has calculated 1/1 using equa-
tion (8), adding Ab/(2-S-f) to the result enables the cor-
rect focusing.

For the amount of correction as much as one-fourth
the spot size b, equation (14) may be computed, depend-
ing on a sign of inequality.

L _ L .5 (14)
=T *3%

Referring to FIGS. 8A through 8C, a method of
sensing the amount Ab of spot light deviation mentioned
earlier will be explained. To simplify explanation, it is
assumed that the protrusions of the IRED’s spot. 36
have each a width of b/2.

As shown m FIG. 8A, when there is no spot light
deviation, the amount of light hitting the light-receiving
sections (SPDs) 20; and 20, is the same, giving vp =v,.
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As shown in FIG. 8B, for the spot 36; with a spot light
deviation of Ab V<V, holds, and Ab can be obtained
from equation (15):

(15)

As shown 1n FIG. 8C, for the spot 36, with the oppo-
site spot light deviation to that of FIG. 8B, 1b can be
obtained from equation (16):

Ve

Ab = ==

b (16)
2

That 1s, the larger of Vp and V. must be used as the
denominator. |

In equations (15) and (16), + and — signs are added,
predicting the direction in which a spot light deviation
occurs, so as to make use of equation (13) without any
correction. Here, 1t is assumed, therefore, that the light-
projecting side is located in the direction shown by the
arrow in the figure.

Next, a second embodiment of the present invention
will be explained.

FIGS. 9A and 9B are diagrams showing the construc-
tion of light-projecting and light-receiving elements
according to a second embodiment of the present inven-
tion. Unlike the first embodiment where the light-
receiving element is composed of a PSD and two SPDs,
in this embodiment, the light-receiving element is made
up only of PSDs with a position sensing function, each
of which is capable of measuring distance. Therefore,
by providing three light-emitting points on the IRED
side, the distance between three places on the focusing
screen can be measured. |

Here, it 1s assumed that a spot light deviation can be
dealt with only at the central distance-measuring point,
with the right and left distance-measuring beams being
circular. Giving the right and left beams the same shape
as that in the center portion enables functional expan-
sion according to the same reasoning.

FIG. 10A shows general composition of a photo-
graph where the subject 1s in the center of the screen. In
this case, by measuring three points in the screen as
mentioned above, the camera can be properly focused
on two persons standing side by side even when there 1s
no subject in the center of the screen.

In FIG. 9A, numeral 38 indicates an IRED contain-
ing three light-emitting sections 40, 40,, and 403. The
light-emitting shape is determined by the arrangement
of the current-blocking portion and the surface pattern
of the metal electrode. In the figure, the shaded portions
are the light-emitting portions. The central portion for
distance measuring takes the form as shown in FIG. 8A,
which provides measurements against spot light devia-
tion.

Those three light-emitting sections 401, 40;, and 403
share a pin 42 as the common anode. This arrangement
allows current to flow in from each of pins 44, 46, and
48, thereby enabling each section to emit light indepen-
dently.

FIG. 9B illustrates the construction of the light-
receiving element made up of the aforesaid three PSD:s.
The light-receiving element 50 has a three-piece con-
struction of separate PSDs 181, 183, and 183, to which
pins 52 to 64 are connected.
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Numeral 64 indicates the common cathode pin. The
intensity of incident light and the signal current depen-
dent on the position are supplied from the pins 54 and 60
of the PSD 18;, the pins 52 and 58 of the PSD 18,, and
the pins 56 and 62 of the PSD 183. The PSDs 18, and
183 can be used as incident-light amount sensors by
adding the outputs of both channels, like the SPD
shown in FIGS. 8A through 8C. Thus, as shown by the
shaded portions in the figure, the reflected light spots
are thrown on the PSDs 18, 18, and 183, respectively.

The central spot is used as the distance-measuring
PSD 18;, while the PSDs 18, and 183 acting as light-
amount monitors detect a spot light deviation, which
raises the focusing rate of the subject in the center of the
screen. For distance measurement on the right and left
sides, by causing the light-emitting sections 40, and 403
of the IRED 38 of FIG. 9A to emit light, and then
receiving the reflected light with the PSDs 18; and 183
of the light-receiving element 50 of FIG. 9B, 1/1 is
calculated from both outputs of the PSDs using equa-
tion (8).

The three-piece IRED 38 and the three-piece light-
receiving element of PSDs 18;, 18,, and 183 are each
constructed 1n monolithic form to increase the posi-
tional accuracy, and squeezed into separate packages,
respectively.

FIG. 11 is a block diagram of the present embodi-
ment. The IRED 38 and light-receiving element 50 are
the same as those in FIGS. 9A and 9B.

In FIG. 11, a projection lens 4 and a reception lens 8
are placed as shown in the figure, so that rays of light
travel 1n the direction of the arrow. The light-emitting
sections 401, 40, and 403 of the IRED 38 are sequen-
tially energized by a timing circuit 66 under the control
of the CPU 16.

The signal projected from each of the light-emitting
sections 401, 40,, and 403 of the IRED 38 is reflected by
the subject and arrives at the light-receiving element 50.
The current outputs of the PSDs 18, 18;, and 183 of the
light-receiving element are drawn at a low impedance
mnto the preamplifiers 68 to 78 connected to both chan-
nels of each of the PSDs 184, 18-, and 183, which am-
plifty them. The preamplifiers 68, 72, 74, and 78 each
have two outputs. It is assumed that both outputs carry
the same current obtained by amplifying the PSD out-
put. |
The outputs of the preamplifiers 68 to 78 are selected
by switches 80 and 82 and supplied as the determined
preamplifier outputs I and I to an arithmetic circuit 84.
The arithmetic circuit 84, which is composed of a
known logarithmic compression and differential expan-
sion circuits, calculates equation (4), I1/(I11+1;), using
the selected preamplifier outputs I; and I.

The switches 80 and 82, when the light-emitting sec-
tion 40; of the IRED 38 emits light, form a closed cir-
cuit with contact a to take the signal from the corre-
sponding PSD 18,. Similarly, when the light-emitting
section 40; of the IRED 38 emits light, they form a
closed circuit with contact b corresponding to PSD 18,.
When the light-emitting section 403 of the IRED 38
emits light, they form a closed circuit with contact ¢
corresponding to PSD 183. Such actions of the switches
80 and 82 are controlled by the timing circuit 66.

Since the PSD 18; and 183 of the light-receiving ele-
ment 50 are used as light-amount sensors as noted ear-
lier, adder circuits 86 and 88 that add the outputs of
both channels of the PSDs are in operation when the
light-emitting section 40; of the IRED 38 has emitted
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light. The output results Vpand V. of the adder circuits
86 and 88 are used for the sensing of a spot light devia-
tion, as explained in FIGS. 8A through 8C. Specifically,
the adder circuit 86 obtains the total signal optical cur-
rent supplied from the PSD 18,, and the adder circuit 88
obtains the total signal optical current supplied from the
PSD 18;. Both adder circuits then convert the resulting
currents into voltages Vpand V,, respectively.

The outputs of the adder circuits 86 and 88 are sup-
plied to a comparator circuit 90 and a ratio computing
circuit 92. The ratio computing circuit 92, which is
made up of a known analog circuit that performs loga-
rithmic compression and then subtraction, calculates
the ratio of Vto V. or V/V,.

The timing circuit 66, before the IRED 38 emits light,
controls the switches 80 and 82 to determine which
PSD signal of the light-receiving element 50 is com-
puted. At the same time, it sends a timing signal to an
output circuit 94 so that the CPU can sequentially take
each of the arithmetic circuit 84, comparator circuit 90,
and ratio computing circuit 92.

The output circuit 94 has a function that sampleholds
the computation result of the output obtained at the
time of the light emission by the IRED 38. As noted
earlier, the results held are supplied in sequence to the
CPU 16 in response to the signal from the timing circuit
66.

In this way, the CPU 16 computes and evaluates
those results, and then determines the final focusing
distance. Further, it causes a warning section 30 to alert
the photographer to the occurrence of a spot light devi-
ation. Additionally, it, together with the timing circuit
66, controls the sequence of the entire system. Based on
the output result of the comparator circuit 90, the CPU
16 also obtains the result of the ratio comparator circuit
92, using equations (15) and (16), and a spot light devia-
tion of Ab from the known constant b/2. Then, by mak-
ing a correction in the output result of the arithmetic
circuit 84, 1;/(I;+13), the reciprocal of the correct
distance 1 is obtained from equation (13).

The operation of the distance-measuring device thus
constructed will be explained, referring to the FIG. 12
flowchart. |

In order to measure the distance by the central light-
emitting section 40; of the IRED 38, at step S1, the
switches 80 and 82 are caused to form a closed circuit
with contact a to direct the output of the PSD 18; to the
arithmetic circuit 84. At step S2, the IRED 38, is caused
to emit light, and the CPU 16 computes the position x of
the center of gravity of the signal light on the basis of
equation (5). |

At step 53, the CPU 16 receives from the comparator
circuit 90 the comparison result in magnitude of the
voltages Vp and V. dependent on the light signals that
have hit the PSDs 18; and 183. Based on the result, the
CPU 16 judges whether or not there is a spot light
deviation.

As noted earlier, when there is no spot light devia-
tion, V=V, holds. This allows control to proceed to
step S4, where the amount of correction becomes zero.
Then, control goes to step S$10. When at step S3,
V=V, does not hold, it is judged that a spot light
deviation has taken place, and control proceeds to step
S3. When a spot light deviation has occurred, at step S5,
the alarming section 30 audibly or visually alerts the
photographer to this event and tells him that he should
modify the composition to remove the spot light devia-
f10n.
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For the spot light deviation, the calculation of Ab
differs with the direction of deviation, as explained in
equations (15) and (16). Therefore, at step S6, when
V<V, control goes to step S7, and when V> vc,
control moves to step S8, where the respective opera-
tions are executed. At steps S7 and S8, when the numer-
ator becomes zero, this makes it impossible to make
judgment of the amount of deviation. Because of this,
b/2 must be made larger than |b|.

with a configuration where the light projecting and
receiving elements are arranged as shown in FIG. 11,

when V<V, this means that a portion of the light

incident on the PSD during a short distance is missing.
On the other hand, when V>V, this means that a
portion of the light incident on the PSD during a long
distance is missing. Therefore, it 18 necessary to make
corrections on the short and long distance sides. For
this reason, calculation is made to find the amount of a
spot light deviation in a similar manner to equations (15)
and (16), using + and — signs as shown in steps S7 and
S8. This calculation is assumed to include a limiter func-
tion of |Ab| =b/2.

At step 89, an amount of correction A1/11s computed
according to the amount of spot light deviation Ab. This
corresponds to the second term on the right side of
equation (13).

At step S10, the result of measuring the distance in
the central portion of the screen is obtained from equa-
tion (13), using the light-emitting section 40; of the
IRED 38. The resulting distance is assumed to be la.
Then, at step S11, in order to measure the distance on
the right side of the screen using the light-emitting sec-
tion 407 of the IRED 38, the switches 80 and 82 are
caused to form a closed circuit with contact b to select
the output of the corresponding PSD 18s.

In this state, at step S12, the light-emitting section 40,
of the IRED 38 is caused to emit light, and the position
x of the center of gravity of the incident signal light in
the same manner as step S2. Then, at step S13, the recip-
rocal of the distance 1p to the subject located at the
distance-measuring point on the right side is calculated
from equation (3).

At steps S14, S15, and S16, the same actions as mea-
suring the distance on the right side of the screen are
performed in measuring the distance on the left side of
the screen. Specifically, at step S14, the preamplifier
output corresponding to the light-emitting section 403
of the left-side distance-measuring IRED 38 is selected.
At step 15, like step S12, the light-emitting section 403 of
the IRED 38 1s caused to emit light, and the position in
which the signal light enters is obtained. At step S16,
the reciprocal of the distance I to the subject located on
the left-side distance-measuring point 1s computed from
equation (3).

At step S17, the distance to the most likely main
~ subject 1s selected from the subject distances ls, lp, and
lc at each distance-measuring point thus obtained. As an
example, a method of selecting the shortest distance will
be described. At step S18, the camera is focused on the
1.

In this way, with the present embodiment where the
light-receiving element for spot light deviation monitor-
ing 1s also used as the PSD for measuring different
points on the screen, a spot light deviation is minimized
for the subject in the center of the screen without add-
ing a reception lens and a light-receiving element. In
addition, when the subject 1s not in the center of the
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screen as shown in FIG. 10B, a sharply focused picture
can be taken.

FIG. 13A shows a third embodiment of the present
invention. This embodiment is an example of multi-AF
preventing the camera from being out of focus when a

‘spot light deviation takes place.

The third embodiment makes use of the construction
of the first embodiment of FIG. 5. Specifically, the
IRED i1s divided into three parts, 2a, 2b, and 2¢, which
are arranged in the direction of base length so that the
distance to the subject located in the center and on both
sides of the screen may be measured through the projec-
tion lens 4. The PSD is also divided into three parts,
184, 18b, and 18¢ so as to correspond to each part of the
IRED.

By causing the IRED to emit light sequentially, the
distance to each point can be measured in sequence with
the AFIC 12 and CPU 16. Light-receiving elements 20,
and 20, for spot light deviation monitoring are placed so
as to sandwich the entire PSD.

By constructing the IRED and PSD in this way,
erroneous distance measurement can be prevented as
long as the subjects exist at the right and left sides of the
screen even if the central IRED part 1s subjected to a
spot light deviation, as shown in FIG. 14. Referring to
the FIG. 15 flowchart, explanation will be given about
an example of preventing a blurred picture by introduc-
tion of multi-AF techniques that enable the distance of
more than one point on the screen to be measured. |

When distance measurement is started in response to
the release action, at step S21, the central distance-
measuring IRED 2b is caused to emit light to obtain the
subject distance Iy. In this case, if the signals Vp and V.
based on the amount of light striking the monitoring
light-receiving elements 20; and 20; are equal, this
means that a spot light deviation has occurred. There-
fore, if the result of the comparison at step S21 shows
that V=V, control proceeds to step S23, where the
value of I 1s substituted into 1. After this, control goes to
step S24, where the camera is focused on I.

For the scene shown in FIG. 14, however, when a
spot 32b hits the slender neck of a duck in the center of
the screen, resulting i a spot light deviation, the dis-
tance lp 1ndicates an erroneous value and V> V. holds.
This permits control to move from step S21 to step S25.
At this time, the CPU 16 judges from the output of the
light-amount comparator circuit 28 that a spot light
deviation has taken place. It then discards the unreliable
lp, and causes the left-side distance-measuring IRED
part 2¢ to emit light for measurement of ..

Next, at step S26, spot light judgment is possible.
Here, whether or not Vp and V. are equal 1s judged to
deter mine whether or not a spot light deviation has
occurred. As a result, if V=V, holds, control goes to
steps S27 and S24, where the camera is focused with the
value of .

In the example of FIG. 14, however, a spot 32¢ hits
both of the duck’s wing and the left-side person, which
may cause erroncous measurement like a spot light
deviation. In this case, therefore, control goes to step
S28, where the night-side distance-measuring IRED -
part 2a is caused to emit light to measure the distance L.

Then, at step S26, judgment of spot light deviation 1s
made. In the FIG. 14 example, a complete spot is on the.
right-side child. Consequently, at step S29, V=V,
holds, which allows control to proceed to steps S30 and

524, where the camera is focused on l,. Therefore, the
camera 1s not focused correctly on the duck, but stays
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within an acceptable blurring range. This allows a pic-
ture well focused on the child to be taken. |

If at step S29, it is judged that a spot light deviation
has occurred, control goes to step S31, where the alarm-
ing section 30 audibly or visually alerts the photogra-
pher to a spot light deviation and tells him that the
composition should be modified.

In this way, unlike what has been explained in FIGS.
9A and 9B, the present embodiment enables a spot light
deviation to be detected at any of the three distance-
measuring points.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the inven-
tion 1n 1ts broader aspects is not limited to the specific
details, and representative devices shown and described
herein. Accordingly, various modifications may be
made without departing from the spirit or scope of thé
general inventive concept as defined by the appended
claims and their equivalents.

What is claimed is:

1. A distance-measuring device comprising:

light-projecting means for projecting light onto a

subject, a projection pattern of said light-project-
ing means having a central area along a base length,
and two protruding areas perpendicular and asym-
metrical to said base length;

light-receiving means for receiving the reflected por-

tion of said projected light from said subject, which
includes a first light-receiving section that receives
the reflected light associated with the light pro-
jected from said central area and produces a first
photoelectric conversion signal, a second light-
receiving section that receives the reflected light
associated with the light projected from one of said
two protruding areas and produces a second photo-
electric conversion signal, and a third light-receiv-
ing section that receives the reflected light associ-
ated with the light projected from the other of said
two protruding areas and produces a third photoe-
lectric conversion signal;

computing means for calculating the distance to said

subject based on said first photoelectric conversion
signal; and

comparator means for comparing said second and

third photoelectric conversion signals and supply-
ing the comparison result, from which it is judged
that said light-projecting means has projected light
uniformly onto said subject when the compared
second and third photoelectric conversion signals
are almost equal, while part of said projected light
is missing when one of the compared second and
third photoelectric conversion signals is larger than
the other.

2. A distance-measuring device according to claim 1,
further comprising correction means for, when said
judgment result shows that part of said projected light is
missing, correcting an output of said computing means
as much as a value corresponding to nearly half the
width of the protruding area of said projection pattern,
depending on the inequality relationship between said
second and third photoelectric conversion signals.

3. A distance-measuring device according to claim 1,
further comprising correction means for, when said
judgment result shows that part of said projected light is
missing, obtaining a ratio of said second and third pho-
toelectric conversion signals, and based on the obtained
ratio, correcting an output of said computing means.
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4. A distance-measuring device according to claim 1,
further comprising indicator means for providing an
alarming indication when said judgment result shows
that part of said projected light is missing.
d. A distance-measuring device according to claim 1,
wherein said first light-receiving section comprises a
position-sensing device, and said computing means cal-
culates said subject distance based on a pair of photoe-
lectric conversion signals supplied from said position-
sensing device.
6. A distance-measuring device according to claim 1,
wherein said second and third light-receiving sections
comprise respective silicon photodiodes, and said com-
parator means compares outputs of the respective sili-
con photodiodes.
7. A distance-measuring device of a camera, compris-
ing:
light-projecting means for projecting light onto a
subject, a projection pattern of said light-project-
iIng means having a symmetrical portion and an
asymmetrical portion with respect to a base length;

light-receiving means for receiving the refiected por-
tion of said projected light from said subject, which
includes a first light-receiving section that receives
the reflected light associated with the light pro-
jected from said symmetrical portion and produces
a first photoelectric conversion signal, and a sec-
ond light-receiving section that receives the re-
flected light associated with the light projected
from satd asymmetrical portion and produces a
second photoelectric conversion signal;

computing means for calculating the distance to said
subject based on said first photoelectric conversion
signal; and |

judging means for judging, based on said second

photoelectric conversion signal, whether or not all
of the projection pattern from said light-projecting
means 1s projected onto said subject.

8. A distance-measuring device of a camera accord-

40 1ng to claim 7, wherein:

said asymmetrical portion of said projection pattern
comprises of two protruding areas that flank the
base length;

said light-receiving means identifies said two protrud-

ing areas and produces the second photoelectric
conversion signal; and

said judging means makes a judgment based on said

second photoelectric conversion signal obtained
after said identification by said light-receiving
means. | |

9. A distance-measuring device of a camera accord-
ing to claim 7, wherein said computing means makes a
correction in said subject distance when the judgment
result of said Judging means shows that part of said
projected light is missing.

10. A distance-measuring device of a camera accord-
ing to claim 7, further comprising indicator means for
providing an alarm indication when the judgment result
of said Judging means shows that part of said projected

60 light 1s missing.

65

11. A distance-measuring device of a camera, com-

prising:

a plurality of light-projecting means for projecting
light onto a subject, a first projection pattern pro-
jected in parallel with an optical axis of a taking
lens 1n said light-projecting means having a central
area along the base length and two protruding
areas perpendicular and asymmetrical to said base
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length, a second projection pattern projected in
one direction different from the direction of the
optical axis of said taking lens, and a third projec-
tion pattern projected in another direction and
symmetrical with the second projection pattern;

a plurality of light-receiving means for receiving the
reflected portion of said projected light from said
subject, which includes a first light-receiving sec-
tion that receives the reflected light associated with
the light projected from said central area of said
first projection pattern and produces a first photoe-
lectric conversion signal, a second light-receiving
section that receives the reflected light associated
with the light projected from one of said two pro-

10

truding areas of said first projection pattern or of 15

sald second projection pattern and produces a sec-
ond photoelectric conversion signal, and a third
light-receiving section that receives the reflected
light associated with the light projected from the
other of said two protruding areas of said first
projection pattern or of said third projection pat-
tern and produces a third photoelectric conversion
signal;

computing means for calculating the distance to said

subject based on said first photoelectric conversion
signal and said second or third photoelectric con-
version signal during the projection of said second
or third projection pattern; and

comparator means for comparing said second and

third photoelectric conversion signals during the
projection of said first projection pattern and sup-
plying a comparison result, from which it is judged
that all of the first projection pattern from said
light-projecting means has been projected onto said
subject when the compared second and third pho-
toelectric conversion signals are almost equal,
while part of said projected light i1s missing when
one of the compared second and third photoelec-
tric conversion signals is larger than the other.

12. A distance-measuring device of a camera accord-
ing to claim 11, wherein said plurality of light-project-
ing means projects said first, second, and third projec-
tion patterns in fime sequence.

13. A distance-measuring device of a camera accord-
ing to claim 11, further comprising correction means
for, when said judgment result shows that part of said
projected light is missing, obtaining a ratio of said sec-
ond to third photoelectric conversion signals, and based
on the obtained ratio, correcting an output of said com-
puting means.

14. A distance-measuring device of a camera accord-
ing to claim 11, wherein each of said first, second, and
third light-receiving sections comprises a position-sens-
ing device, and said computing means calculates said
subject distance based on a pair of photoelectric conver-
sion signals supplied from each of said position-sensing
devices. |

15. A distance-measuring device of a camera accord-
ing to claim 14, wherein said comparator means com-
pares a sum signal of a pair of photoelectric conversion

signals supplied from said second light-receiving section

with a sum signal of a pair of photoelectric conversion

signals supplied from said third light-receiving section.

16. A distance-measuring device of a camera, com-
prising:

light-projecting means for projecting light onto a

subject, which includes a first light-projecting sec-

tion that projects a first projection pattern asym-
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metrical with a base length along an optical axis of
a taking lens, and a second light-projecting section
that projects a second projection pattern of a sym-
metrical shape i opposite directions flanking the
optical axis of said taking lens;

a plurality of light-receiving means for receiving the
reflected portion of said projected light from said
subject, which includes a first light-receiving sec-
tion that receives the reflected light associated with
the portions other than the asymmetrical portions
of said first projection pattern and produces a first
photoelectric conversion signal, and a second light-
receiving section that receives the reflected light
associated with both the asymmetrical portions of
sald first projection pattern and said second projec-
tion pattern and produces a second photoelectric
conversion signal; |

computing means for calculating the distance to said
subject based on said first photoelectric conversion
signal during the projection of said first projection
pattern and said second photoelectric conversion
signal during the projection of said second projec-
tion pattern; and

judging means for determining whether or not all of
said first projection pattern from said light-project-
ing means is projected onto said subject on the basis
of said second photoelectric conversion signal dur-
ing the projection of said first projection pattern.

17. A distance-measuring device of a camera accord-
ing to claam 16, wherein said light-projecting means
projects said first and second projecting patterns in time
sequence.

18. A distance-measuring device of a camera accord-
ing to claim 16, wherein said second light-receiving
section identifies the reflected light associated with the
projected light of two different directions of said sec-
ond projection pattern and supplies the identified sig-
nals; and |

wherein said distance-measuring device further com-
prises:

correction means for, when said judgment result
shows that part of said projected light is missing,
obtamning a ratio of the outputs identified at said
second light-receiving section, and based on the
obtained ratio, correcting an output of said com-
puting means.

19. A distance-measuring device of a camera accord-
ing to claim 16, wherein each of said first and second
light-recelving sections comprises a position-sensing
device, and said computing means calculates said sub-
ject distance for each projection axis based on a pair of
photoelectric conversion signals supphed from each
position-sensing device.

20. A distance-measuring device of a camera accord-
ing to claim 19, wherein said comparator means com-
pares a sum signal of a pair of photoelectric conversion
signals supplied from said second light-receiving section
with a sum signal of a pair of photoelectric conversion
signals supplied from said third light-receiving section.

21. A distance-measuring device of a camera accord-

ing to claim 19, wherein a shortest of the subject dis-

tances obtained for each projection axis 1s determined to
be a focal length of the taking lens.
22. A distance-measuring device for measuring a
distance to an object comprising:
light-projecting means for projecting light onto the
object, a projection pattern of said light-projecting



5,361,117

17

means having an asymmetrical portion with re-
spect to a base length;

light-receiving means for receiving the reflected light
from said object of said asymmetrical portion of
said projected light, and producing a first photoe-
lectric conversion signal; and

judging means for determining whether or not all of
the projection pattern from said light-projecting
means 1S projected on said object on the basis of
said first photoelectric conversion signal.

23. A distance-measuring device according to claim

22, wherein:

the projection pattern of said light-projecting means
further has a symmetrical portion with respect to
the base length;

said light-receiving means further receives said sym-
metrical portion and produces the second photoe-
lectric conversion signal;

and said distance-measuring device further comprises
computing means for obtaining the distance to said
object based on said second photoelectric conver-
sion signal.

24. A distance-measuring device according to claim

22, wherein:

said asymmetrical portion of said projection pattern
comprises two protruding areas that flank the base
length;

said light-receiving means identifies said two protrud-
ing areas and produces the first photoelectric con-
version signal; and

said judging means makes a judgment based on the
first photoelectric conversion signal obtained after
the 1dentification by said light-receiving means.

25. An active distance-measuring device comprising:

light-projecting means for projecting a light beam
onto an object;

light-receiving means located a predetermined base
length away from said light-projecting means for
receilving the reflected light from said object which
has said light beam projected thereon;

computing means for obtaining a value correspond-
ing to the distance to said object based on an output
of said light-receiving means;

said light-projecting means producing a projection
pattern which has two protruding areas that extend
at both ends of said base length in opposite direc-
tions at right angles with said base length;

said light-receiving means comprising a main light-
receiving element that receives the reflected light
assoclated with the areas other than the protruding
areas of said projection pattern and produces an
optical current according to the light-receiving
position, and two sub-light-receiving elements that
receive the reflected light associated with the two
protruding areas of said projection pattern and
each of which produce an optical current corre-
sponding to the amount of light received; and

said computing means obtaining a value correspond-
ing to the distance to said object based on an output
of said main light-receiving element and judging
from the output of said two sub-light-receiving

elements whether or not a spot light deviation has

occurred, and, when the judgment shows the pres-
ence of a spot light deviation, correcting the value
corresponding to the distance to said object.
26. A distance-measuring device comprising;:
projection and reception lenses spaced a predeter-
mined distance apart;
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light-projecting means for projecting distance-
measuring light onto a subject through said projec-
tion lens, the distance-measuring light pattern from
said light-projecting means having two protruding
areas that extend at both ends along an optical axis
of said projection and reception lenses in opposite
directions at right angles with the optical axis;

hght-receiving means for receiving the reflected light
from said subject of said distance-measuring light,
which comprises a first light-receiving element that
receives the reflected light associated with the
areas other than the protruding areas and produces
an optical current according to position in which
the light has been sensed, and a second light-receiv-
ing element, located in parallel on both sides of said
first light-receiving element, that receives the re-
flected light associated with the two protruding
areas and produces two optical currents corre-
sponding to the amount of light received;

computing means for producing a signal correspond-
ing to the distance to said subject based on the
output of said first light-receiving element;

judging means for comparing the two optical current
outputs of said second light-receiving element to
determine whether or not a spot light deviation has
occurred; and

correction means for, when said judging means has

determined that a spot light deviation has oc-
curred, obtaining an amount and direction of the
spot light deviation from the two outputs of said
second light-receiving element and correcting an
output of said computing means.

27. An active distance-measuring device comprising:

light-projecting means for projecting a light beam

onto an object;

light-recelving means located a predetermined base

length away from said light-projecting means for
receiving the reflected light from said object of
said light beam;

computing means for obtaining a value correspond-

ing to the distance to said object based on an output
of said light-receiving means;

said light-projecting means including a light-project-

ing element for projecting an asymmetrical light
beam with respect to said base length;

said light-receiving means further including a light-

position sensing element that produces an optical
current corresponding to the position in which said
reflected light has been received, and two photoe-
lectric conversion elements, located in parallel on
both sides of said light position sensing element,
each of said two photoelectric conversion elements
producing an optical current corresponding to the
amount of said reflected light received; and

sald computing means including judging means for

determining whether or not a spot light deviation
has occurred on the basis of the outputs of said two
photoelectric conversion elements.

28. An active distance-measuring device according to
claam 27, wherein said computing means further in-
cludes means that for correcting the value correspond-
ing to the distance to said object on the basis of the
outputs of said two photoelectric conversion elements
when said judging means has determined that a spot
light deviation has occurred.

29. An active distance-measuring device according to
claam 27, wherein said computing means further in-
cludes means for, when said judging means has deter-
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mined that a spot light deviation has occurred, alerting

that a spot light deviation has occurred.
30. A distance-measuring device comprising:
light-projecting means for projecting distance-

20

means along a base length from said light-project--
ing means and arranged in parallel along said base
length to receive the reflected light from the sub-
ject of each of said three distance-measuring light

measuring light on a plurality of points covering a 5 beams:
central portion of a focusing screen, said light- computing means for producing three subject dis-
projecting means including a plurality of light- tance signals on the basis of outputs of said three
projecting elements arranged along a base length, a light-position sensing elements;
d1§tance-m§asunng_ light pattern projected fr om the distance-measuring light beam pattern projected
said plurality of light-projecting elements being 10 from a central one of said three light-projecting
asymmetrical with an optical axis of projection and elements 1s asymmetrical with respect to said base
reception lens pairs of each of said plurality of length;

- light-projecting elements; ‘ . said three light-position sensing elements including

light-receiving means located a predetermined dis- two side light-position sensing elements which
tance away from said light-projecting means along 15 receive asymmetrical portions of the light beam of
said base length to receive a plurality of said dis- a central light-projecting element; and
tance-measuring light beams, said ‘hght-recelvmg - said computing means including means for, when said
means (éor_mprlsllll% lﬂglfee llgl}t-?cen;mg lfl:lements side light-position sensing elements on both sides
arranged 1n parallel along said base length, a cen- have sensed the asymmetrical portions of the light
tral one of the three light-receiving elements pro- 20 beam of said central light-projecting element, de-
ducing an optical current corresponding to the tecting an amount of light received for each ele-
position in which light has been received, and the ment and judging whether or not a spot light devia-
other two of the three light receiving elements tion has occurred
producing two .Optical currents correspondmg to 33. A distance-meas:uring device for projecting dis-
the amount of light received; 25 '

tance-measuring light onto a plurality of points on an
image screen to measure a distance to each point, com-
prising:

computing means for producing a signal correspond-
ing to the distance to the subject on the basis of an
output of said central light-receiving element;

sensor means for comparing outputs of said two other

light-receiving elements to sense an occurrence of
a spot light deviation; and

control means for normally causing the central of said
three light-receiving elements to emit light to mea-
sure the distance for the central portion of the
focusing screen, and when said judging means has

30

35

detected the occurrence of a spot light deviation,

then causing another of said three light-receiving
elements to emit light to measure the distance for
another part of the focusing screen.

31. An active distance-measuring device comprising:

judging means for judging whether or not all of a
projection pattern of said distance-measuring light
projected at least onto a central portion of the
iImage screen is on the subject;

means for discarding a distance measurement result of
said light-projecting pattern when said judgment
result shows that all of the projection pattern is not
on the subject.

34. A distance-measuring device according to claim

33, wherein said distance-measuring device measures
the distance to another point when it 1s judged that all of

40 said projection pattern is not on the subject.

light-projecting means for projecting distance-

measuring light onto a subject, a projection pattern
of said light-projecting means being asymmetrical
with reference to a base length;

light-receiving means located a predetermined dis-
tance away from said light-projecting means along
said base length for receiving the reflected light
from said subject of said distance-measuring light,
said light-receiving means comprising a main light-
receiving element that produces an optical current
corresponding to the position in which the light has
been received, and two sub-light-receiving ele-

ments located on both sides of the main light-

recetving element for producing respective optical
currents corresponding to the amount of light re-
ceived; and

45
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35. An active distance-measuring device comprising:

light-projecting means for projecting a distance-
measuring light beam onto an object;

hight-receiving means for receiving light reflected by
the object and outputting a signal representing a
location where the reflected light is received;

detecting means for detecting whether a spot light
deviation has occurred in the distance-measuring
light beam projected from said light-projecting
means and a direction of the spot light deviation;
and

computing means for computing a distance to the
object in response to the signal output from said
light-receiving means and based on a detection
result obtained from said detecting means.

36. An active distance-measuring device for project-

ing a distance-measuring light beam onto an object and
computing a distance to the object in accordance with a
location where light reflected by the object is received,

computing means for producing a signal correspond-
ing to the distance to said subject based on outputs

of said main light-receiving element and of said two
sub-light-receiving elements.
32. A multi-point distance-measuring device compris-

ing:
light-projecting means including three light-project-

ing elements for respectively projecting three dis-
tance-measuring light beams onto three points cov-
ering a central portion of a focusing screen;

three light-posttion sensing elements located a prede-
termined distance away from said light-projecting

60 comprising:

65

light-amount detecting means for detecting an
amount of the reflected light received from the
object; and

determining means for determining whether the dis-
tance-measuring light beam is emitted onto an en-
tire surface of the object based on the amount of
the reflected light detected by said light-amount
detecting means.
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37. A device according to claim 36, further compris-
ing adjusting means for adjusting the distance to the
object based on the amount of the reflected light and a
result obtained from said determining means.

38. A device according to claim 36, further compris-
ing display means for displaying an alarm when said
~ determining means determines that the distance-measur-
ing light beam is not emitted onto the entire surface of
the object.

39. A device according to claim 36, further compris-
ing:

computing means for computing an amount of a spot

light deviation which is part of the distance-
measuring light beam and is not emitted to the
object; and

detecting means for detecting a direction of the spot

light deviation.

40. A device according to claim 39, further compris-
ing correcting means for correcting the distance to the
object in accordance with the amount of the spot light
deviation when it is determined by said computing
means that the amount of the spot light deviation is
smaller than a predetermined value.

41. A device according to claim 39, further compris-
ing correcting means for, when it is determined by said
computing means that the amount of the spot light devi-
ation is larger than a predetermined value, correcting
the distance to the object using the predetermined
value.

42. A device according to claim 39, further compris-
ing correcting means for detecting a direction of the
spot light deviation and correcting the distance to the
object using a predetermined value.

43. A device according to claim 42, wherein said
predetermined value depends upon a size of a spot of
the distance-measuring light beam projected onto the
object.

44. A device according to claim 42, wherein said
correcting means includes means for adding or subtract-
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ing a predetermined value to or from the distance com- 40

puted by said distance-measuring device in accordance
with the direction of the spot light deviation.

45. A distance-measuring device comprising:

light-projecting means for projecting a plurality of
distance-measuring light beams onto an object;

light-receiving means for receiving light reflected by
the object and detecting a location where the re-
flected light is received and an amount of the re-
flected light received;

judging means for judging whether the distance-
measuring light beams are correctly projected onto
the object in accordance with an output of said
light-receiving means; and

selecting means for selecting a focal distance of a
camera from a plurality of distances obtained from
sald plurality of distance-measuring light beams in
accordance with an output of said judging means.

46. A distance-measuring device comprising:

light-projecting means for projecting a plurality of
distance-measuring light beams onto an object:

light-receiving means for receiving light reflected by
the object and detecting a location where the re-
flected light is received and an amount of the re-
flected light received;

judging means for judging whether the distance-
measuring light beams are correctly projected onto
the object in accordance with an output of said
light-receiving means; and
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determining means for determining whether dis-
tances to different points are measured in accor-
dance with an output of said judging means.

47. A distance-measuring device comprising:

light-projecting means for projecting a plurality of
distance-measuring light beams onto an object;

light-receiving means for receiving light reflected by
the object and detecting a location where the re-
flected light is received and an amount of the re-
flected light received;

judging means for judging whether the distance-
measuring light beams are correctly projected onto
the object 1n accordance with an output of said
light-receiving means; and

detecting means for detecting a presence or an ab-
sence of a spot light deviation of a pattern of one of
said plurality of distance-measuring light beams
which is projected to a central point of the object
and a direction of the spot light deviation, by out-
puts of light-receiving elements for measuring dis-
tances to points other than the central point of the
object.

48. A distance-measuring device comprising:

hight-projecting means for projecting a distance-
measuring light beam onto an object;

first light-receiving means for receiving light re-
flected by the object and determining a distance to
the object from a location where the reflected light
1s received; and

second light-receiving means for receiving light re-
flected by the object and determining whether the
distance-measuring light beam is correctly pro-
jected onto the object in accordance with the re-
flected light received by said second light-receiv-
g means.

49. A device according to claim 48, wherein said
second light-receiving means is located perpendicularly
to a line connecting said light-projecting means and said
first light-receiving means.

50. A distance-measuring device comprising:

a light-projecting lens and a light-receiving lens
which are arranged in a direction horizontal to said
distance-measuring device;

a plurality of light-projecting means for projecting a
plurality of distance-measuring light beams onto at
least one subject through the light-projecting lens;
and

a plurality of light-receiving means which include a
plurality of light-receiving elements for receiving
the distance-measuring light beams reflected by
said at least one subject through the light-receiving
lens so as to detect locations where the reflected
distance-measuring light beams are received,

said light-receiving elements including:

a first light-receiving element for distance-measur-
ing a subject located in a space extending from a
center of a projection screen; and

second light-receiving elements, longer than said
first light-receiving element, for distance-
measuring at least one subject located in a space
corresponding to a region surrounding the cen-
ter of the projection screen;

said hight-receiving elements being arranged in a
staggered manner such that said second light-
receiving elements are provided above and
below said first light-receiving element in the
vicinity of said first light-receiving element and
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in parallel to longer sides of said first light-
receiving element;
and wherein said second light-receiving elements
which are above and below said first light-
receiving element are offset from each other in a
length direction thereof; and
said light-projecting means sequentially emitting the
distance-measuring light beams, thereby enabling
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distances to be measured at a plurality of distance-
measuring points.

51. The device according to claim 50, wherein, when
an intermediate light-projecting means of said plurality
of light-projecting means is driven, outputs of the light-
projecting means adjacent to said intermediate light-
projecting means are used to detect whether a hight
beam from the intermediate light-projecting means 1is

emitted correctly to said at least one subject.
¥ % % %k kK



UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. 5,361,117

DATED - November 1, 1994

1t is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Title Page, Item [54] Title:

delete "WHICH DETECTS" (second occurrence)

Signed and Sealed this
Fifth Day of December, 1995

Alrest: ZM U”'ﬂ'\

BRUCE LEHMAN

Attesting Officer Commissioner of Patents and Trademarks




	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

